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ABSTRACE

(Distribution Limitation Statement No. 2)

A survey of .pavement -rgving operations made at -military and commer-
cial airfields and by State Highway Departmerts is intended to serve
as a basis for future evaluation of the effects of grooving on deteri-
oration of rigid and flexible pavements. The survey covers runway
grooving opetations at seven airfields, grooving test installations
at six airfields, and highway grooving by twelve State Highway Depart-
ments. Most-of the pavement grooving has been accomplished within the
past 2 years, and present pavement performance data are limited to
this short period. The main difference between airfield and highway
grooving has been in the direction of the grooving, airfield grooving
being predominantly transverse and highway grooving parallel to the

direction of traffic. However, there has been appreciable difference
in performance of grooved airfield and highway pavements. Present
condition of both rigid and flexible airfield pavements that have been

grooved has been satisfactory with little evidence of deterioration.
Grooved portland cement concrete highway pavements also have given
satisfactory performance, with -minori deterioration in- cold weather

areas attributed to use of tire chains and studded tires. Grooved
asphalt concrete highway pavements have deteriorated rapidly in wheel
paths where the grooves are obliterated leaving a shallow dishing
effect. Because of differences in traffic volme and traffic patterns,
separate pavement performance evaluations are necessary for airfield
and highway pavements.
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SECTION I

INTRODUCTION

1. Background

Vehicle skidding has been the subject of considerable study for many

years, particularly factors contributing to skidding, skid-resistance measurements

and methods of alleviating skidding. Pavement grooving as a means of improving

skid resistance of Frfield pavements was initiated in Great Britain about 10

years ago. In the past several years, this method of improving skid resistance

has received considerable attention in this country. Much research and exper-

imental work is being conducted for both airfield and highway uses. Extensive

research on pavement grooving is being conducted z:t the NASA Langley Research

Center, and various aviation agencies are conducting runway grooving ex-

periments as well as large scale grooving operations at a number of commercial

and military airfields. A large number of State Highway departments also are

experimenting with pavement grooving as a means of reducing skidding in high-

accident locations.

Results of the grooving experiments in improving vehicle control by

eleminating hydroplaning and side-skidding have been very impressive. How-

ever, since pavement grooving is a relatively new operation, little information

is available at present about the effects of the grooving on pavement deterioration.

L1



2. Purpose and Scope

The purpose of this stakv i to determine the effects ct grooving of

rigid and flexible pavements in contributing to premature deterior2tioa of the

pavements. The inital phae of !his preg-am consists of a survey to determine

where pavement grooving opera tios have been. accomplisbed and vhat studies

are being conducted with regard to pavement performance. This snrvey is

intended to provide information which will serve as a basis for future evaluation

of pavement performance.

Various agencies which have been involved In pavement groovirg

operations were contacted, including National Aviation and Space Administration,

Federal Aviation Administration, Commercial 4nd M'iitary Airports and State

Highway Departments. Information has been obtained regarding pavement

locations and types, grooving dates, groove details, pavement evaluation programs

and present condition of pavements. lesults of this survey are presented and

discussed in this report.

2
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SE CThcX H

?AVEU-)h GROOYLNG OPERATIONS

1. .AirfliF Pavements

This sa.-vey covers &H scale ruway groorig programs at five

ccmmecial and two milita"y airfields as well as -mall grooving test

instaelations at six a-rfields, as follows:

a. Commercial Airfield Runway Grooving

(1) Washington Natloiial Air-port

(2) Kansas City Municipal Air Dort

(3) New York Kennedy International Airport

(4) Charleston, W. Va. (Kanawha County) Airport

(5) Chicago Midway Airport

b. Military Runway Grooving

(1) Beale AFB, California

(2) Seymour Johnson AFB, North Carolina

c. Grooving Test Installations

(1) Miami International Airport

(2) Salt Lake City Municipal Airport

(3) Las Vegas McCarran Airport

i3



(4) Cleveland Hopkins Municipal Airport

(5) New York Kennedy International Airport

(6) NASA Wallops Station Runway

Grooving operations at these airfields are described in Tables I

through LX (Appendix 1).

2. Highway Pavements

Available records indicate that grooving of highway pavements to

improve skid resistance was initiated on an experimental basis in 1962 by

California and Texas Highway Departments. Additional grooving has been

conducted in California since 1965 and this State has done much experimental

work with groove patterns and skid resistance test. Within the past 2 years,

many other states have experimented with grooving of highway pavements in

high-accident locations, and this use is increasing rapidly. A review of

highway grooving operations is presented in Tables X through XXi (Appendix I).

ZI
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SECTION III

DISCUSSION

1. Airfield Pai enent Grooving

The initial NASA studies of various groove configurations showed that

the greatest increase in traction was obtained with a 1/4-in, wide by 1/4-in.

deep groove on a I-in. spacing. Further experimentation with various groove

dimensions and details is now being conducted, These studies include 18

different groove patterns which are being used in an environmental test I
program at five different airfields with a wide range in weather conditions.

Typical groove patterns for the environmental test program are shown in

Figure 1. Groove details used for the runway grooving programs varied

appreciably as follows: width, 1/8 to 3/8 in. ; depth, 1/8 to 1/4 in.; spacing

I to 1-3/8 in. All grooving of airfield pavements has been done in a transverse

direction. In general, the grooving has been continuous over the entire area

* of pavement grooved. However, at one Air Force Base, the pavements were

grooved transversely in 2-ft-wide strips alternately with 2-ft strip, of ungrooved

pavement.

The comments received regarding the condition of the grooved runway

pavements after about 12 to 18 months in service indicated that both the portland

cement concrete (PCC) and asphaltic concrete (AC) pavements were in good

condition. There was a slight accumulation of rubber in touchdown areas but

this was not considered significant. There has been a slight increase in popouts

and in spalling in cracked areas of PCC pavements at Kansas City Airport, but no

5
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I

deterioratkn of aspbalt pavements. It should be realized that the reported

service records are based on very short use periods. Performance could

change rapidly under severe exposure conditions. All of the reports indicate

that resistance to skidding and hydroplaining on wet pavements is grectly

improved. Pilot reaction has been highly favorable with comments that

braking and direction controls on grooved wet pavements are equal to those on

dry pavements.

2. Highwav Pavement Grooving

With the exception of a small amount of pavement grooving done in

California and Texas in 1962. practically all of the grooving by the various

Highway Deparunents has been done since 1966. The dam represent highway

grooving accomplished in 12 states. Most of this grooving has been of an

experimental nature in high-accident areas. mininly on highway curves.

Practically all of the grooving has been in a longitudinal direction parallel to

the highway centerline. Transverse grooving has been used in a few small test

sections primarily for comparison with longitudinal grooving. A variety of

groove patterns has been used ranging from 1/8-in. to 1/4-in. in width and

depth and from 3/8-in. to I-in. in spacing. The most common pattern has a

I/ 8-in. groove width and depth at a spacing of 3/4 or 1-in. Some of the groove

patterns used are shown in Figure 2. Except for individual State programs

there apparently has been no coordinated research on groove patterns.

Of the four states which commented on grooving of AC pavements, all

indicated early deterioration of the grooves and unsatisfactory performance.

7
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The grooves tend to knead together under traffic resulting in a shallow

"dishing" in the wheel path with grooves rapidly disappearing. especially

during warm weather. The performance of the grooving in PC concrete

generally has been considered satisfactory during the relatively short period

in use. However, there are some indications that groove performarice may vary

appreciably. depending on weather conditions in the area. Many states, in areas

where cold weather and snow are common. reported that the grooves in PCC

pavements show some wear and deterioration at the edges. This generaily was

attributed to use of studded tires and tire chains. In a number of instances, it

was reported that the longitudinal grooving gave no improvement in friction tests.

*The main benefit was considered to be the change in skidding pattern from sideways

to straight line, which prevented skidding accidents by improving control of the

vehicle.

3. General Comments

Interest in pavement grooving as a means of reducing skidding accidents

during wet weather has grown rapidly during the past several years and numerous

grooving programs have been initiated by various airfield and highway agencies.

At the present time, there are no standard grooving details and many of the

grooving programs are of an experimental nature to investigate groove details

and effectiveness of the grooving in reducing skidding and hydroplaning. The

effect of grooving on pavement deterioration also is being evaluated by routine

inspections of the pavements during use.

* 9
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Grooving of AC highway pavements has not been very successful.

The concentration of traffic in narrow wheel paths tends to compact the surface

to produce a shallow depression without grooves. For airfields, the smaller

traffic volume and greater dispersal of the traffic has resulted in better per-

formance of grooves in AC pavements during the short period in use. Further

evaluation of grooved AC pavements at airfields will be necessary to determine

long time performance.

Grooved PCC pavements have given satisfactory performance both

for airfield and for highway uses. Again, traffic conditions are more severe for

highway pavements because of the greater volume and concentration of traffic,
e

and because of wear from tire chains and studded tires in certain areas. These

abrasive conditions are not present with aircraft traffic where weathering of the

pavement surface is ch most important factor.

10



SECTION IV

CONCLUSIONS

The survey of pavement grooving operations provides information for

use in future evaluation of pavement performance.

For airfield pavements, preliminary indications are that grooving has

had only a minor effect on deterioration of either rigid or flexible pavements

after about 18 months of service.

During a period of about 2 years or less, only minor deterioration of

P grooved PCC highway pavements has been evident, but grooves in AC highway

pavements have deteriorated rapidly.

Highway pavements have more rapid deterioration of the grooves, because

they are subjected to greater volume and more severe traffic conditions than

airfield pavements.

11



SECTION V

RECOMMENDATIONS

it is recommendad that additianal service records be obtaimsd

and field surveys be made fr future evaluation of deterioration of grooved

pavements.

Because of differences in grooving details, skid zesistance re-

quirements, and traffic effects, separate evaluations of pavement deterioration

should be made to determine performance of airfield and highway pavements.

12
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SECTION VI

REFERENCE LIST OF CONTAC I'S
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APPENDIX I

TABLES

Table I
Commercial Airfield Grooving
(Washington National Airport)

N-S .unway
18-36

Pavement Type AC

Grooving Date Mar-April 1968

Grooved Area

Length, ft. 6, 870

Width, ft. 150

Area, sq. yd. 114, 500

Groove Details

Width, in. 1/8

Depth, in. 1/8

Spacing, in. 1

Direction Trans

Note: Pavement inspected daily in routine manner by operation

and maincenance personnel. Other inspections for evaluation about

every 6 months. After 18 months pavement is in generally satisfactory

condition. Slight accumulation of rubber in grooves in touchdown area.

17



TAble I1
Commercial Airfield Grooving

(Kansas City Municipal Airport)

Riamy IS-36

Pavement Type PCC AC

Grooving Date Apr-May iCC7 Apr-May 1967

Grooved Area

Length, f. 2.500 2.000

Width, ft. 130 130

Area, Sq. yd. 36.000 28.000

Groove Details

Width. in. 1/8 1/8

Depth, in. 1,4 1/4

Spacing, in. I I

Direction Trans Trans

Note: Slight increase in concrete deterioration but not serious. Increase in

popouts and in spalling in cracked areas. No increase in deterioration of

asphalt pavements. Continiing program to check surface condition of grooved

pavements.

S18



Table IIl
Commercial Airfield Groovmg

(New York Kennedy International Aixport)

~Runw~ay

4R-22L

Pavement PCC

Grooving Date May-Aug LF69

Grooved Area:

Length. ft. 8, 400

Width, ft. 140

Area, sq. yd. 122,000

Groove Details:

Width, in. 3/8

Depth, in. 1/8*

Spacing, in. 1 3/8

Direction Trans

*Shaped rounded bottom

Note: Frequent inspections made. No spalling or breakdown of grooves

and no significant accumulation of rubber after 16-month period.

19



Table IV
Commercial Airfield Grooving
(Charleston, W. Va. Airport)

Main Runway

Pavement Type PCC AC

Grooving Date Nov. 1968 Nov. 1968

Grooved Area:

Length, ft. 400 5, 200

Width, ft. 140 140
4

Area. sq. yd. 6,200 80,900

Grooved Details:

Width, in. 1/4 1/4

Depth, in. 1/4 1/4

Spacing, in. 1 1/4 1 1/4

Dire-tion Trans Trans

Note: Pavement inspected daily. Present condition is excellent.

20



Table V
Commercial Airfield Grooving

(Chicago Midway Airport)

Runway* Runway*

31L/13R 22L/4R

Pavement Type PCC AC PCC ACC

Grooving Date July - Sept. 1968 July - Sept 1968

Grooved Area:

Length, ft, 6, 520 6, 520 6, 100 0, 100

Width, ft. 100 4 too 4

Area, sq. yd. 72, 400 2, 900 67. 700 2, 700

Groove Details:

Width, in. 1/4 1/4 1/4 1/4

Depth, in. 1/4 1/4 1/4

Spacing, in. 1 1/4 1 1/4 1 1/4 1 1/4

Directi' - Trans Trans Trans Trans

*Each runway is 100 ft. wide PCC pavement with

37-1/2 ft. AC shoulder each side. Grooving extends across
100 ft. PCC and 2 ft. into AC shoulder on each side.

k. Comment: About 2 months after grooving some spalling was noticed on one side
of centerline and in various areas which appeared to be due to stresses in
pavement above keyway. No deficiences have been detected which could be

-aused by the grooving.

t 21



Table 'VI
Military Airtield Grooving

(D -ale Air Force Base, California)

Main Runway

Pavement Type PCC

Grooving Date Oct. '67 to Feb. ,68

Grooved Area:

Length, ft. 10, 300

Width, ft. 140

Area, sq. yd. 168,000

Groove Details:

Width, in. 1/4

Depth, in. 1/4

Spacing, in. I

Direction Trans

Note: Pavement condition is excellent. No spalling of grooves noted, and

after 6 months no excess tire wear is evident. Pilot reaction is highly favorable;

pilots state that braking and direction coatrols on wet grooved surface are equal

to dry surface.
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rable VIE
Military Airfield Grooving

(Seymour-Johnson AFB, North Carolina)

E-W Runway

Pavement Type PCC AC

Grooving Date Sept-Nov 1968 Sept-Nov 1968

*Grooved Area:

Length, ft. 7, 658 2, 100 7, -58

Width, ft. 75 140 65

Area, sq. yd. 96,000 55,600

Groove Details:*

Width, in. 1/4 1/4

Depth, in. 1/4 1/4

Spacing, in. 2 2

Direction Trans Trans

Note: Pavement grooved transversely alternately grooving 2-tt. width and

* skipping 2-ft. width.

Comment: No comments on pavement performance or skid performance as

grooving was just completed.
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Table VIII

Airfield Pavement Grooving Tests

(NASA Wallops Station)

Landing Research
Runway 4-22

Pavement Type PCC AC

Grooving Date 1966 1966

Grooved Area

Length, ft. 700 700

Width, ft. 50 50

Area, sq. yd. 3, 900 3, 900

Groove Details

Width, in. 1/4 1/4

Depth, in. 1/4 1/4

Spacing, in. 1 I

Direction Trans. Trans.

Note: Runway test sections for tests under a variety of controlled conditions.

24
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Table XIII

Highway Pavement Grooving

(Texas Highway Department)

1-35 in 1-35 in

San Antonio San Antonio

Pavement Type PCC PCC

Grooviiig Date July to Sept. 1962 Summer 1966

Area, sq. ft. 344, 000 (1.2 miles) Adjacent 100 ft. section

Groove Details:

Width, in. 3/16

Depth, in. 1/8

Spacing, in. 1/2

Direction Long Trans

Note- The longitudinal grooving produced little change in skid resistance,

and main benefit was a change in skidding pattern from sideways to straight

line. Grooved pavement was overlaid with asphalt, partly in 1963 and

partly in 1964. Useful life of grooving was only about 6 months. The

transverse grooving improved skid resistance originally but all benefits

were lost after 10 months. Short improvement period ic attributed co

soft aggregate used in the concrete.
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Table XIV
Highway Pavement Grooving

(Washington Department of Highways)iI
Snoqualmie Pass 1-5 Toutle River

Summit Bridge Approach

Pavement Type PCC AC

Grooving Date Nov. 1967 Nov. 1967

Area, so. ft. 29,000 91, 200

Groove Details:

Width, in. 1/8 1/8

Depth, in. 3/16 3/6

Spacing, in. 1 1

Direction Long Long

Note: Present condition of both pavement areas is good. There is

some tendency of asphalt to flow under traffic. Friction tests show no

improvement, but skidding is prevented by improving lateral stability

and hydroplaning effects.

;IL
t
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Table XV
Highway Pavement Grooving

(North Carolina Highway Commission)

Intersection

1-85 and US 29

Pavement Type PCC

Grooving Date June 196'

Area sq. ft. 47, 000

Groove Details:

Width, in. /8

Depth, in. 1/8

Spacing, in. 9/16

Direction Long - 33, 000 sq. ft.
Trans - 14, 000 sq. ft.

Note: Present condition of grooves is excellent. No skid iests

made but accident record improved.
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Table XVI
Highway Pavement Grooving

(Utah Department of Highways)

Parleys-Canyon Project 1-15
Salt Lake City Project

Pavement Type PCC PCC

Grooving Date Dec. 1966 Aug. 1968

Groove Deta~ls*

Style:07, Trans L200 sq. ft.

Style #9, Trans , 200 sq. ft.

Style #9, Long. L, 200 sq. ft. --

Style -15, Trans 1, 200 sq. ft. 4, 800 3q. ft.

Style #15, Long. -- 480 sqo ft.

Style #6, Trans -- 2, 400 sq. ft.

*See Figure 2 for groove details

Note: Parley Canyon Project is in generally good coudition with

some degradation on 'the peaks of the saw cuts. 1-15 Project has had

no traffic.

.4
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Table XVII

Highway Pavement Grooving
(Colorado Department of Highways)

1-25
in Denver

Pavement Type PCC AC

Grooving Date Mar. 1968 Mar. 1968

Area, sq. ft. 4, 200 4,200

Groove Details:

Width, in. 1/8 1/8

Depth, in. 1/8 1/8

Spacing, in. 5/8 5/8

Direction Long. Long.

Note: (1) Concrete. After Z. months, grooves in PCC pavement are

good but slightly rounded at edges, possibly because of metal studded

tires.

(2) Asphalt. Grooves in AC pavement started to knead in June

(about three months) when weav~her turned warm. By July, grooves in

wheel tracks were barely visible with "dishing" to about 1/8-in depth.

Between wheel tracks there is only slight evidence of the grooving.
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Table XVIII
Highway Pavement Grooving

(Pennsylvania Deparinent of Highways)

US 322 near

Hummelstown

Pavement Type PCC AC

Grooving Date April 1967 April 1967

Area, sq. ft.t 4,400 1,700
Groove Details

Width, in. 3/!6 3/16

Depth, in. 1/16 1/8

Spacing, in.]1 1 1

Direction Long Long

*Pavement length of 1, 025 ft. (PCC-740-ft., AC-285 ft.)

grooved 3-ft. width in each wheel path used in grooving
equipment.

Note: No comments on pavement condition, but reported "-alarming

tendency for vehicles to weave as a result of driving over the

longitudinal grooves."
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Table XIX
Highway Pavement Grooving

(Mississippi Highway Department)

Lynch St. in

Jackson

Pavement Type PCC

Grooving Date Oct. 1966

Area, sq. ft. 1, 615

Groove Details

Width, in. --

Depth, in. 1/8

Spacing, in. 3/8

Direction Trans

Note: Test section for grooving demonstration rated excellent

in skid tests after I year.
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Table XX
HiYghvay Pavement Grooving

(New Jersey Department of Transportation)

Rte 439
Hillside

Pavement Type PCC

Grooving Date Recent

Area sq. ft.

Groove Details

Width, in. 1/8

Depth, in. 3/16

Spacing, in. 3/4

Direction --

Note: No deterioration in short time elapsed. Grooving did not

appreciably improve skid resistance.
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"anle X."
Higmway Pavement Groovizg

CNe-vada Highiary Department)

IExoerimental
Sections

Pavemen: T.we AC

1Z2-Z -

G-oo-ing Dl
A rea sq. ft.

Groove Details:

Wdth. in. 3;8 to1-.

._tpT in. L to L/4I kacing. in. I2
Direction Long

Note: The most extensively used method is a beater-planer device which

softens the asp. a!t surface kclowed by I 2-ki steel rods mounted on an 8-ft.

bar at a 2-ia. spacing set to produce grooves 1/8 to 1 4-in. deep. Other

me: ods used inclueed sawtooth blades oz cutting disr- mounted on a motor

patrol which produced grooves 1/2 to I 1/2-in. wide by 3/16-in. deep vith

sac!ngs of 3 to -4 1/2-in.

All methods gave initial Improvement in skid resistance but rapid

wear resulted in complete loss of grooved effect in wheel _ath in as little

as 5 months. Grooving tends to shorten pavement life by exposing more

surface resulting in accelerated deterioration of the asphalt and erosion of

m.nera: components.

38



AFWL-TR-69-138

BIBLIOGRAPHY

Beaton, J. L., E. Zube, J. Skog, Reduction of Accidents by Pavement
Grooving, California Highway Dept, Res. neport No. M&R 633126,
presented at Sumer Meeting of Highway Research Board, Denver, Colo.,
August 1968.

Hiering, W. A., C. R. Grisel, Friction Effects of Runway Grooves,
Runway 18-36, Washington National Airport, FAA Report No. NA-68-31
(DS-68-21), December 1968.

Home, W. B., V.-.T. Joiner, "Pneumatic Tire Hydroplaning and Some
Effects on Vehicle Performance," SAE International Automotive
Engineering Congress, Detroit, Michigan, SAE 970C, January 1965.

Home, W. B., "Skidding Accidents on Runways and Highways Can Be
Reduced," Astronautics and Aeronautics, August 1967.

Home, W. B., G. W. Brooks, "Runway Grooving for Increasing Tire
Traction--7ne Current Program and an Assessment of Available Results ,"
presented at 20th Annual International Air Safety Seminar, Williams-
burg, Virginia, December 1967.

Key, E. J., "Tyre Wear Tests on an Open Graded Macadam Runway
Friction Course," Technical Report 67178, British RAE, August 1967.

Martin, F. R.,, R. F. A. Judge, "Airfield Pavements--Problems of
Skidding and Aquaplaning," Civil Engineer4.ng and Public Works Review,
London, England, December 1966.

National Aeronautics and Space Administration, Pavement Grooving and
Traction Studies, Report No. NASA SP-5073, report on conference held
at Langley Research Center, Hampton, Virginia, 18-19 November 1968.

N ixon, J. F., Report on Concrete Pavement Grooving in Texas, Texas
Highway Dept Report No. SS8.0, presented at Summer Meeting of
Highway Research Board, Denver, Colo., August 1968.

Olsen, C. M. , "A 100-Million Inches of Safety," Airline Management
and Marketing, December 1967.

Pasquet, A., J. Berthier, Some Facts about Water, Roads and Pneumatic
lires, Bulletin de Liaison des Laboratoires Routiers, Paris, France,
No. 26, July/August 1967.

39



AFWL-TR-69-138

This page intentionally left blank.

40



UNCLASSIFIED
Security Classification___ 

_ _ _ _ _ _

14. LINK A r LINKS T LINK C
KEY WORDS -I -.

RUJLE WT ROLE WT ROLE IWT

Pavement groving- 1
Pavemeuit deterioration
Skid resistance
Hydroplaning

42 UNCLASSIFIED
Sicurity Clatatfication


